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INTRODUCTION 


Both in the study of solar physics and laser transitions, atomic con- 
stants for optical radiation are needed. These include transition probabilities, 
line strengths, and oscillator strengths for both dipole and quadrupole transi- 
tions, as well as the associated Matrix elements needed for line broadening 
calculations. While the solar physicist is interested in all elements (but 
mainly in the low to medium atomic weight elements), the laser physicist is 
interested in selected elements and their ionic species. 

The objective of this project was to compute the above mentioned atomic 

constants for a wider selection of elements and lines. An existing computer 

1 * 

program developed by NASA was used, with modifications to include, in an 
approximate manner, the effect of equivalent electrons, and to enable reordering 
and restructuring of the output for publication. This program is suitable 
for fast, low cost computation of the optical constants, using the coulomb 
approximation formalism for LS coupling. 

The guidelines used for selecting lines for processing are: 

a. Select approximately 10, 20, or 30 lines for each of the 24 elements, 
depending on the relative importance of the element. 

b. Select only one line per multiplet. 

c. Select the. stronger lines for each element. 

d. Originally, no equivalent electron lines were selected. Later, after 
the modification to the program was made to include the effects of 
equivalent electrons in an approximate manner, some equivalent 
electron lines were added. 

2 

e. Use the tables of Atomic Energy Levels by C. E. Moore as the basic 
energy level reference. 

f. Leave out energy levels with incomplete quantum number specifications. 


* Reference numbers 


Those criteria, particularly items d and f, resulted in considerable 
numbers of lines being rejected by either the authors or the computer program. 
Since many lines involving equivalent electrons tevminate in levels with 
n* {effective principle quantum number) approximately the same as L {indi- 
vidual electron angular momentum quantum number) , the {radial) transition 
integral equation developed by Bates and Damgaard will not converge ' . This 
integral, by the way, is calculated using double precision on the IBM 370 to 
minimize numerical error problems. Of the original 24 selected elements, 
results were obtained for all but Neon. Prom the over 500 original lines, 
results were obtained for 372. 
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APPROACH 


The details of the theory and the computer program are described in 
References 1 and 3. and thus there is no need to repeat the information here. 

The modification of the program to approximately include equivalent 
electrons levels and their contributions to the atomic constants was accom- 
plished under the guidance of Dr. Roger Bengtson. Only p type equivalent 

electrons are considered; all others are rejected by the program. Essentially, 

4 

a table of Fractional Parentage (Table X) is used to split an input energy level 
into three levels, each with a different parent and their associated L and S 
quantum numbers. Since the squares of the coefficients of Fractional Parentage 
are the probabilities of the various configurations, the matrix element for 
any allowed transition is multiplied by the squares of the coefficients of 
the upper and lower levels involved to get the most probable matrix elements, 
as well as the transition probability, line strength, and oscillator strength. 
All lines and matrix elements involving equivalent electrons are identified in 
the printout by an asterisk, so that the values affected by the approximations 
are indicated. 

Another approximation was necessary for some of the elements in order to 
estimate a series limit for excited parent configurations. This consisted of 
adding to the series limit of the ground state the difference in energy between 
two equivalent levels for the ground state configuration and the excited parent 
configuration. Any series limit estimated by this approximation is indicated 
by an asterisk. 

Input values for the energy levels came mainly from the tables compiled 
2 

by Moore . However, additional levels, when adequate information on quantum 
numbers was available, were also used. 
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TABLE I 


















RESUI/TS 


Tho atomic constants of transition probability, line strength, oscillator 
strength, and the product of the statistical weigh (2J+1) and the oscillator 
strength are presented in Appendix A, for the 372 lines and the 23 elements. 

In Appendix B (contained in a separate volume), the dipole matrix elements 
associated with the lines, and the sum of all of the gradrupole matrix 
elements (for Al « 0) are given. The definitions of the table headings, 
and special output indicators are included within the appendices. 

CONCLUDING REMARKS 

The accuracy of the atomic constants was checked against other sources 
when possible. In general, the agreement was good (i.e., ± 20% for transition 
probabilities). However, occasional values would differ by a factor of ten. 
Whether the values computed by the Coulomb approximation or by other methods 
are more correct is a manner of conjucture, and dependant on the specific 
case. However, the Coulomb approximation program is fast. Computer expenses 
to generate the results, including several reruns to eliminate troublesome 
lines, energy levels, etc., amounted to less than one thousand dollars. 


REFERENCES 


1. shomo, L. P.> Oertol, G. D.j and Freer, C, S.« M A Method for the Calculation 

of Largo Numbers of Dipolo and Quadrupolo Transition Probabilities," 

NASA TN D-5987, Nov. '70. 

2. Moore, C. E." "Atomic Energy Levels" Vole. I, II, and III, NBS Circ, 467, 

467, 467 , U.S. Dop. of Com. June 15, 1949, Aug. 15, 1952, May 1, 195B. 

3. Oertel, G. D. > and Shomo, L. P. : "Tables fjor the Calculation of the Radial 

Multipole Matrix Elements by the Coulomb Approximation." Astrophys, 

J., Suppl. Sor., Vol. 16, No. 145, Aug. 1968. 

4. Slater, J. C. , Quantum Theory of Atomic Structure, McGraw-Hill, New York, 1960. 


APPENDIX A 


ATOMIC CONSTANTS FOR SELECTED LINES 
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ATOMIC CONSTANTS FOR SELECTED LINES 


The tables in this appendix were generated after several steps of data 
processing. First, the Coulomb approximation program was run on an IBM 270 
to obtain the basic results, which were punched on cards. A small IBM 1800 
computer was used to sort and rearrange the card packets, which were then 
read by the BOOKPRINT program for printing on the IBM 370. 

The organization and symbols used for headings in the following table 
are basically conventional nomenclature, with some changes as dictated by the 
output equipment. 

The top line identifies the element, its atomic number, and its ionic 
state. The next lines indicate the number of parent configurations, their 
designation, and the series limit of each parent. If the series limit is 
estimated as discussed in the Approach section, an asterisk is printed out 
after the value- 

The definitions of the headings for the main portion of the table are as 
follows : 

W L - The wavelength of the line in air at sea level in 

AIR 

Angstrons. If the wavelength is less than 2000 A, the 
vacuum wavelength is given. 

SN - The sequence number (SN) assigned to the final (F) and 

F I 

initial (I) energy levels of the transition that produces 
the line. These sequence numbers indicate the energy 
levels in the matrix element tables (Appendix B) . The 
sequence numbers are ordered with increasing value of the 
energy level. 

PARENT - The designation of the Parent configuration associated 

with the line. 
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EE 


HESIG 

e I 


LEVEL 
P I 


A 

S 


P 


GP 


If cue lii.c involves equivalent electrons, an asterisk 
is printed in this column. 

The designation of the final (P) and initial (I) states. 
Since the output equipment can't print lower case letters 
all quantum numbers are upper case. Also, since half 
spacing is not available, superscripts and subscripts 
are all printed on the same line. Thus, using the 
2829.073 He line as an example, the equivalences between 
the computer printout and the conventional nomenclature 
is 

2S3S1.0 3 2s \ 

The energy levels of the final (F) and initial (I) levels 

The transition probability in sec i . 

The line strength 
The oscillator stength 

The oscillator strength multiplied by the statistical 
weigh (2J+1) 
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Table 1. Helium 
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16245.000 

3 

4 

(151 

3P2P0.5 

3D 2D X . 5 

48613.000 

54765.000 

0. 1 J46E *00 

C.9724E4C2 

0.9C53E400 

C.3633E+G1 


r. 


O 


rk 

v 


Table 4 . Boron 




C-VQPH" 6 H-TUTQAL 

PAOFNT l\ e nnw»TlOM N3. OESl G LIMIT 

l I2f*l ~ 9387S.312 


c 

o 


<;*j PAt>nfJT Ft 


05SIC 


CF 


> 

CD 


o 

1 261 *56C 

3 

rc 

<?P) 

m 

?=i=l.9 

39.<=? .1 

16.003 

79311 .003 

0.0 

0.0 

0.5 

0.9 


V 


1377.6?*) 

7 

16 

t?=) 

. 

2^7 = 1 m f> 

13311 .0 

14.000 

7 6*00 .00 3 

0.0 

o.o 

c.c 

O.C 




1 2*9. 

1 

IS 

I2P1 

* 

.0 

4S!*U -9 

c.= 

7 eu 7.000 

0.0 

C.C 

0.6 

o.c 



o 

1 455.05^ 

3 

19 

( -»=1 

* 

2=1 D?.*> 

■*0l=l *0 

ici Pi.r?o 

7e7?7.C09 

0.0 

c.r 

O.C 

o.c 


c 


1453.119 

3 

IB 

C ?P) 

m 

7 n lD?.? 

331P ■* .0 

l 0 1 93- OOC 

Te531 .003 

0.0 

c.c 

o.c 

0.0 



o 

1 *67. ASP 

3 

17 

I?p> 

• 

2=1 1)3.0 

451=1 .3 

ICI 03.333 

76136.000 

o.c 

o.c 

0.9 

0.0 



IASI .77C 

3 

14 

(?t») 

■n 

39102-0 

30102.0 

101=1.CCO 

77660 .000 

c.c 

0.0 

c.o 

0.0 


o 


I6S7.0CQ 

1 

5 

( 29) 

* 

?P3or.O 

353=1.0 

0.9 

60163.000 

0.0 

c.c 

C .0 

C-0 




1751 .90? 

4 

19 

(?o) 

m 

29! SC. 9 

19l=»l .0 

21645. COO 

76727.303 

c. 18591*08 

Cm 1480c «•=$ 

C.2556E-C1 

9.7598F-01 

SB 

or 

H 


0 

1939. 9?n 

3 

7 

1 2 = ) 

m 

2PIO2.0 

3Sl=»l .9 

icioj.eco 

6t9*2.003 

0.0 

0.0 

c.c 

C.O 

*“Y 


?*7* .570 

A 

7 

C2P) 

w 

9P1SC.0 

3Sl = t .0 

21 649.000 

6 1 93? .000 

0. 1390£>0B 

C .2S35F*=G 

0.359SE-01 

0. 1373F *00 

© 



•&PA9.96* 

7 

27 

t ?P) 


os: oi „c 

5=1 0? .0 

61962. COO 

954 CO. 000 

0.4152“ *96 

0.7964“-01 

0. 1692F-02 

0.94 62F-S2 

Ul 


■*-» 

4 071 .0?* 

7 

26 

1 70 » 


151 = 1 .0 

5=1=1 .0 

oioaz.cco 

64SS2.3C3 

0.121 2E*2 7 

c.iscir*cc 

0. 3475E-0? 

C. 1042=— GI 

Q 


49?? .f5f*' 

7 

?a 

(?=> 


13191 .0 

4=1SC .0 

61 552. CCC 

82252. OrC 

3. 5251= *97 

0.3 1 1 IE**'? 

0.63*55-02 

3.t»3a9?-92 




St'41 . 

f- 

?i 

12P) 


35-*=?. 9 

cn 393 *9 

■sci'ii.cro 

9C222.0C3 

C.1 726= *?7 

C.76!>*r*CC 

0.921 7E-C2 

0.64525-31 

O 

P 

« 


v: 

.1 21 

7 

PO 

C ? = > 


351=1.9 


fcl 9J7.CC9 

9i 77-;. o or 

0. 1 )>?:♦? 7 

c 

c* i ^4 »r-oi 

0.S214F-*! 



Si**' . >4? 

7 

?? 

(?;*> 


3Sl = l 

4 = 1=1 

6135"*. C r C 

ecsM.coc 

0. 139*= -“07 

C-.i20l c *C * 

0.602 XC-02 

0. IBCor-^I 



6557.750 

p 

75 

C 39) 


i=m .r 

49 1 =1 .= 

66355. COC 

64022. 0C0 

0.2537^*0 7 

0 . 1 c 7t>= *91 

0. 16521- Cl 

C- 4957^-31 

S' 


o 

*315.191 

7 

13 

(?p) 


1S1P1. C 

!»MS0 .0 

61952.000 

73976 .003 

0.2421=*C9 

0.97aiE*01 

0.11655*00 

0.11 *9F *30 

o 


93 Q\ .R=l 

6 

l? 

1 291 


353=2-0 

3=3=2 .0 

60393. SCO 

7139S.C10C 

0.2052= *06 

C.3*15C*C2 

0.2S47f*90 

C. 1274E*0i 

13 



Q6SS. AHQ 

6 

X 1 

< 29) 


3S1P2.0 

3=3Sl .0 

60393.CC0 

70744 .033 

0.1296E*08 

C .I73l=*r 2 

0. 10560*00 

0.226*E*00 



o 

i «54*.r r: 9 

* 

17 

<1=1 


*»=1=) .C. 

**5*r>t .9 

6PrtSft»O^0 

7ei3*.000 

9.661 2^*3 7 

= •11 5v*”* 3? 

c. i ic-tr*oo 

Q.3H04-*90 


o 


10691 .1=9 

f» 

1ft 

17P1 


7 S 1 P? . 0 

1=101 .0 

fr 391.090 

6 5744.000 

0.1745r 

C.73?Br *32 

c.4iicr*pc 

0.2931FOI 




1 I 333 .19* 

P 

14 

[ 29) 


1=1=1.= 

iotor.0 

6*553.900 

77650.900 

0.?t76F*C* 

C.78?6r*->? 

O.f 99^6*CC 

0.3494f*01 



o 

l 1 *94.898 

9 

15 

(2=) 


3=302.9 

4S3P1 .0 

t.9710.000 

7eU7.330 

O.0499£*O7 

C.21lSC*n2 

C.1C82E*0C 

0.3246E*30 


o 




c 

o 

o 

o 


NITiOGEM ----- 7 — — .NEUT3AL. 


PA35NT INFORMATION NO- D£SIG 

1 I3P1 

2 ItDI 


- LIMIT 

117345.330 
I3i 370.090 * 


c 


o 



SJ 

■ L 

SS 

PKREHT 

EE 

02SIG 

u£Vc. 

A 

S 

F 

z- 



Al^ 

F 

1 



F 

1 

F 

I 






o 

1 103.7(0 

3 

29 

<3^ J 

* 

2 1>201 . 5 

552P1.5 

19231.000 

110103.030 

0.0 

0*9 

0.0 

0-0 



2 1 1> J* 433 

3 

23 

13=J 

• 

2P201.S 

30201*5 

19231.000 

105120.3 JO 

0.0 

0.9 

0.0 

0.0 



UO7.4h0 

2 

21 

C3=> 

• 

2P202.5 

3D2F3.5 

19223.000 

10*332-000 

0.0 

0.0 

0.0 

0.0 


o 

1170. *00 

3 

Id 

<3=1 

• 

2P2D1.5 

4S2P1.5 

19231.000 

104227.033 

0.9 

0*0 

0*0 

o-c 



1199.500 

1 

7 

<3=> 

* 

2P4S1.5 

3S4P2.5 

0.0 

63355.000 

0.0 

0.0 

0.0 

0*0 



1 326* 633 

4 

16 

<3=» 

# 

ZP2=0.5 

*S2P1.5 

2S840.0Q0 

134227.000 

0.0 

0.0 

0* 0 

0.0 


o 

1411.9*0 

5 

16 

CIO) 

• 

2P2P0.5 

35201*5 

28640.033 

99533-000 

0.0 

0*0 

0.0 

0-0 



1*92. 620 

3 

8 

<3= 1 

4 

2P2D1.5 

3S2P1.5 

19231.000 

35223. 030 

0.0 

0*0 

0.0 

c.o 



17*2-730 

4 

u 

<3=> 

4 

2P2P0.S 

3S2P1.5 

25840. 000 

35223.030 

0.0 

0.0 

0*0 

0.0 

> 


*223.039 

6 

2.6 

<3=1 


35*=1 -6 

4P4P1.5 

8351 9.000 

lG5393aU33 

Oo 91 54E + 0S 

0. 136ZE-01 

0.2445E-03 

0.9792E-03 


w 

*253.289 

6 

2b 

<3=> 


35*^1. b 

4P402.5 

83319.000 

135515.030 

O-1140=*O6 

0.26095-01 

0. 4654S- OJ 

0. *792=:-C2 

1 


*935.031 

a 

24 

<3=1 


3S2P1 .5 

4»2S0.S 

E6223.O00 

103*73.030 

0—1*4 2u>37 

0.l7l4c*03 

0.2635E-02 

0.527G£-O2 

\D 

—-w 

ben ,9ol 

10 

27 

< 3=) 


3P*O0.5 

5S4P0-5 

94772.000 

13931 J-033 

O>Hl75£*07 

O. e> Ji Kr + OJ 

0.144lc~kfl 

Om 2oai E— 01 


w 

69*5.219 

13 

28 

t J=» 


3P4C>a.5 

5S4P2.S 

55533-000 

139927.030 

0.1707E*07 

0*1 ovt»c*Oi 

0.12356-01 

0.7*1 2i-0i 



7*68.769 

7 

14 

<3=> 


354=2.5 

3?*S1 *5 

83366. 099 

#b75i»900 

0-1# 97c ♦Od 

0. 1645-e^02 

0.21 146*00 

0.4*565*00 



321 O* *at 

7 

13 

(i 3 ) 


354=2*5 

3P4P2.S 

83366.000 

95533.030 

0»2IfcSE*0a 

O.JS93c*02 

0*2213000 

0.13255*01 


^ ) 

3650.352 

6 

11 

<3P| 


354=1 .5 

3P402.5 

63319.000 

94332*030 

0. i 569— *38 

0*3o2br*02 

0.31 71000 

9.1 ?03£«-l>l 



9050.602 

9 

19 

(3=) 


3P2S0.5 

J32P1.5 

93582.000 

104615.390 

0.24o5E*03 

0.3625E.02 

0.o073£*-00 

0»2*29£*0l 


r? 

9392. SCO 

8 

15 

<3=1 


3S2P1.S 

3P202*5 

55223.000 

95364.070 

0. 24*5c*0b 

0* 600&C + 02 

0.4o54£.00 

0.291 24. Si 


V 

9802.500 

12 

22 

1 3=) 


3P403.5 

20 *03.5 

9*582.000 

105920.000 

0.60565*07 

0.3365002 

3* 1 * 7ot*00 

O.9*U3^*U0 



10114.602 

11 

20 

<3=) 


3P4D2.5 

304F3.5 

94832.000 

104715.090 

0.31 2bt*03 

0. X279L*03 

D.o399£+00 

C.5ll 9001 


c 

11291.699 

12 

17 

<3=1 


3P403.5 

4S4P2.S 

9*683.000 

103755.030 

0.10215*05 

0. 4360£*0i 

0-l4oSt*00 

0-87901*09 


o 


n 


Table 6. Nitrogen 



t 


0 

OXYGEN — 6 * NEUTRAL 

e 

PARENT INFORMATION N0« OESIG LIMIT 

Q ' l IASI I09&3G.5B7 

£ 120) ljssdfr a 003 

o 


o 




* L 

SV 

PA*£MT 

LE 

DESIC 

level. 



At* 

F 

I 



F 

1 

F 

1 


- c 

988*777 

1 

12 

120) 

• 

2P3P2*0 

3 5 213 1*0 

0*0 

101155*000 



1025*770 

2 

10 

<4S> 


2PJP2*0 

30 3D 1*0 

0*0 

97488*000 



1152*160 

3 

IS 

< 2D> 

• 

2P102.0 

3S1 02# 0 

15867*000 

102661*000 


» o 

1302*170 

Z 

5 

(4SI 

• 

2P3P2.0 

3S3S1* 0 

0*0 

76794*000 



4Jt»B*30l 

5 

11 

(4SI 


JS-iSl • 0 

4P3PO*0 

76794*000 

99550*000 



532b* 980 

o 

20 

|4S> 


3PSPi*0 

50530*0 

86625*000 

105365*330 


G 

5436*828 

6 

18 

{ 4S1 


JP5P&*0 

6S5S2* 0 

86625* 000 

105019*030 



50 46* 340 

8 

19 

(4S) 


3P3^0. 0 

05331.0 

88631*000 

135164*000 



0155*933 

6 

16 

( 45 > 


3P5P1*0 

4DS30*0 

86625*000 

102865*000 

> 

o 

6466*070 

7 

13 

14S) 


3PaP2*0 

53552* 0 

66627*000 

132116*030 

1 


7002*219 

d 

17 

{ 4S ) 


3P3P0*0 

40301*0 

88631*000 

*32903.000 



7*: 54* 251 

5 

14 

( 4S ) 


3P3P3*0 

5S351.0 

88631*003 

132411*030 



7771*933 

4 

• 7 

1 4S) 


3S5S2. 0 

3P5P2*0 

73767* 000 

55627*090 

o 


5446*379 

5 

3 

143 1 


JS3S1 *0 

3P3P0-O 

75794*030 

55531*933 



92e>0« 079 

6 

9 

<4S) 


3P5P1.0 

30500*0 

66625* 000 

97420*000 


o 

O 


0*0 

0*0 

0.0 

0*3 

0*0 

0*0 

0*0 

3*3 

0*0 

0*0 

c.o 

0*0 

0*0 

0*0 

0»0 

0*0 

0»6916E*06 

0*2849E*01 

0* 5600C-03 

0*56005-03 

0* 2725c *07 

0*20382*00 

0*337Cc-02 

0*36705-02 

0*7919E*06 

0* J142E+OG 

0*53500-02 

0*2925=- 01 

0*3oS4E»36 

0* 1 2085*00 

0»P083t-02 

O.t Si 95-01 

0*7£>92£*07 

0«8C66E*00 

0*14 Sbi.— Oi 

G.14S&E-01 

0*27156*07 

0* lo04~ *01 

0il697t-0i 

0*54845-01 

0* 1905E*07 

0*969SL*CO 

0* Oi 

6*1 2r 12*00 

0*7492L*06 

0*4242£*0O 

0. 1775C-0I 

0*33*.5i.-0l 

0.3«l36L*03 

0*351 4^.*u2 

0*2>7’»c*-60 

0*1 

0*3Jl 3503 

0* 69705*01 

0*13755 * 00 

0*1 0753*03 

0*4217£*08 

0* 1 6555* 02 

0*18095*00 

0*1 5098*00 


Table 7 . Oxygen 


Q 


Q 

e 

o 

o 


F.UORINE 9 — — NEUTRAL 

PARENT INFORMATION NO. OESIG 


(3PI 

( 10 ) 


LIMIT 


140553. S00 
160525.000 


> 


I 

(-■ 


c 

o 


c 


« L 

ss 

PA7E**T ef 

OESIG 

LE 

VEL. 

A 

S 

F 

3” 

A Z *5 

F 

X 


F 

1 

F 

* 





6237*641 

1 

11 

C3PI 

3S4P2-5 

3P4S1* 5 

1024 06.000 

113423.000 

0.2765E+03 

0.1329£*02 

0.107£E-CG 

0*43125*00 

5343*500 

2 

11 

C3PI 

3S4P1* 5 

3P4S1.5 

102661*000 

113423.000 

C*17522*tf9 

0.BQc2_*0l 

0.105»t*O3 

0*4233£*30 

o370«21? 

3 

7 

« 3P» 

3S4P6.5 

3P4D0.5 

102541*000 

117392*000 

0*3599E*03 

0.1154E-*02 

0.^54'5w*00 

O.50-r9£*00 

7037.46? 

4 

12 

l JP) 

3S2P1* 5 

3P2P1.5 

104731* COO 

119937*000 

0. 3669e*Q3 

G*2S4 2E*02 

0*2741E*63 

0*1096E*01 

7311*020 

4 

10 

C3’> 

352*1*5 

3P2S0.5 

104731*000 

113406*000 

O.<625E403 

C» l 01 -C- .02 

0.10524^00 

0. 21 w5 = *00 

7425*041 

2 

6 

C3P> 

354? 1 • S 

3P4P0*S 

102651*000 

115144*000 

0*259o£*03 

0. 1172E+02 

C.ll 92£*00 

0.23^62*00 

7607.172 

4 

9 

i JPJ 

3S2P1*S 

3P231.5 

1 04731*000 

117373*000 

0.5?19Z*07 

0.51514*01 

O.Sl3*t.-Ql 

0.2O£6E*O0 

7754*69? 

4 

0 

I3PI 

3S2P1.5 

3P2D2.5 

104 731*000 

117623.000 

O.3353t*03 

0.4636E+02 

0*4537£*O0 

0.£722£*01 

7300.21? 

5 

7 

(3?) 

3S2P0*5 

3P201.5 

105057*000 

117373*000 

0.27452*03 

0*2575E*02 

0*501 2£* 00 

C. >0055*01 


c 


c 


v 

o 


Table 8. Fluorine 


G O 

O G 


O 

G 

O 


SODIUM 

11 - — neutral 


PARENT INFORMATION 

NO* OitSXG 

LI HIT 


1 « IS) 

4U49*&»d 


O 




v* 


o 

rf L 

SN 

PARENT 

EE DE: 

5IG 

LE 

VEL 

A 

S 

F 

Z- 


AIR 

F 

I 


F 

I 

F 

1 






2514*123 

1 

21 

IIS) 

3S2S0.5 

9P2P0* 5 

0*0 

39794*551 

0*2*07=405 

0.3772E-03 

0.227.2-06 

0.4SS3E-04 

o 

2543*81/ 

1 

19 

115) 

3S2S0* S 

8P2P0.5 

0*0 

39293*539 

0*41 04=495 

0*6o76E-03 

0*3986=— 04 

3.79±9=-36 


2593* *>27 

1 

16 

( IS) 

3S2S0.S 

7P2P0.S 

0*0 

33540*393 

0.7514L*C5 

0. 1348E-02 

0.78BSE-0* 

C*1p75£-03 


2680*336 

1 

13 

(IS) 

35250.5 

6P2P0.5 

0.0 

37296*512 

0. 1756=406 

0*3347=- 02 

0* IS95E— 03 

0*3791 =—33 

o 

2o52*B2a 

1 

9 

US) 

3S2S0.S 

5P2P0.S 

0*0 

35040.270 

0*5249=406 

0.120SE-31 

0* 56 JOE— 03 

0**2P*=-02 


2B53.031 

1 

10 

US) 

3S2S0.5 

5P2P1*S 

0*0 

35042.739 

G.S250E »06 

0.2410E-01 

0. 1 2 82=— 02 

0.5129=-C2 


3302*323 

1 

5 

< lb) 

3S2S0.5 

4P2P0*S 

0*0 

30266*679 

0.26816407 

0.954 9=* 0 1 

0.438SE-02 

0.57772-02 

c 

3302* 5*3 

1 

o 

US) 

3S2S0.5 

«P2P1*5 

0.0 

30272*512 

0*2683 E>07 

0*1910=400 

Os 877eE-02 

0*35t 1=-31 


4390* 1*1 

2 

20 

US) 

3P2P0.5 

802D1.5 

16956*154 

39729*000 

0*7784=406 

0*13026400 

O.45G1E-02 

0*1 600=— 03 


449**. 265 

2 

16 

( IS) 

3P2P0.5 

70201*5 

16956*184 

39290*965 

0* 12165407 

0*21835409 

0*73722-02 

0.2949£-0l 

c 

4497 • 72 j 

3 

16 

(15) 

3P2P1.5 

70201*5 

16973*379 

39200*955 

0*24 27fct06 

0*4365=-01 

0»7266E-0J 

C.2947=-02 


4541*072 

2 

17 

US) 

3P2P0.S 

B5250-5 

15956*134 

23553*332 

0*36905406 

0*34162-01 

0*11*22- 02 

0* 2284=— 92 


4656*85? 

2 

2 5 

< IS) 

3P2P0.5 

60 2D 1 * 5 

169S6.1B4 

33397*301 

0.20331437 

0* 4150E 400 

0. I3o0c- 01 

0.3451 

n 

4666*593 

3 

15 

(15 > 

3P=Pl*5 

63=0i*5 

16V73.379 

33237.31:1 

0*41552406 

0*6 3cOt-01 

0»l35^c-02 

<j*5*3S=-3< 


47ft3* Ola 

2 

14 

US) 

3P*.P0*5 

7S2S0.5 
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O 

O 
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4 

CIS) 

_P2P1 ,S 

3Ji01.S 

: 13.333 

32*2b- 000 

0 , 29 1 t>t *06 

0.l7u5- *C1 

C 41 tie— 01 

C.»t)«,.vJ 


1 

3 

US) 

JP2 r-o» 5 
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MS) 

3 • 5 

7F2F2.S 

32*35- CO J 

16015, ‘61 J 
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0,4iCj7t_— Ol 
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0-3bo3£*0b 

0.400C1400 

0.734 02-02 

0*23.5^-01 


3772*373 

4 

U 

C IS) 

33itJl » 3 

SF2F2*5 

32435*000 

43331*000 

0,S7d6E*07 

0*19593*02 

0- 1 6*»SL* 05 

0*1 Oi 7E*01 


077 J, 914 

5 

14 

MS) 

3U-;j2#? 

SF*»F2*S 

32*. Jo. 033 

4 3331. 0 JO 

0 6Caarr*05 

0*139>I*C1 

o . oo roc- 02 

0«4»42r-31 



b 

14 

(IS) 

33202*3 

SF2F3.5 

33*36,000 

43331,030 

0*I04£E»06 

0*27^ftF4M2 

OilOi 4t*0b 

0*1 2*1 c*0* 



o 

16 

MS) 

4PZI»0,5 

7S2SS.S 

32949*000 

44273*000 

0,72o2£ *0& 

0*4939f*0O 

0,34 924-02 

0*16954-01 


S9I2* 670 

6 

15 

CIS) 

4 P2P 0*5 

60201*5 

32949*500 

44166,000 

0* 177JE*Q6 

0.2*791*00 

0*42222-02 

3*l»b9fc-0l 


o 


/s 


3 


Table 11, Aluminum 


£> 


~ SILICON 14 NEUTRAL. 

PARENT INFORMATION no. oesig limit 

''' I IZPI 6ST*3.000 

0 




• u 

59 

PA*£ST 

£E 

D2SIG 

Li 1 



At* 

F 

I 



F 

1 

F 


; 

20Sa. 130 

« 

19 

(2PJ 

* 

3P4D2.0 

551 PI .0 

6298. 609 




4 

U 

i 2P) 

• 

0P102. 0 

301*1.0 

6293.609 



2-,lu. 910 

% 

11 

12P> 

* 

3P3P1 .5 

30302.0 

77.150 



221 i»> 6cO 

3 

12 

<2P| 

• 

3P^P3- 0 

3D3D3.0 

223.310 




4 

13 

«2P> 

• 

3P102.4 

30102.0 

6296.539 



2614.330 

1 

7 

12PI 

* 

3P3»0.0 

4S3P1.0 

0.0 


o 

2532, 330 

b 

13 

(2°1 

• 

3 PI 50.0 

5S1P1.0 

15394,236 



2631-310 

5 

13 

12P> 

• 

3P150* 0 

301P1.O 

1S394.236 



4-631 -5*»0 

4 

9 

t2Pl 

♦ 

3P10o»- 0 

4 51 PI. 0 

a 296. 53V 


** 

3305. 530 

5 

9 

<2P> 

• 

3P*S0. 0 

451P1.0 

15394.23b 



5e45. ooO 

7 

21 

12P) 


*53*1-0 

5P3P2-0 

39760. 199 

> 


57«Cf Hi 

3 

21 

12PJ 


4 53P2.0 

5P3P2.0 

39955.121 

1 


s>7dO*H 7 

o 

20 

<2Pj 


453PO-0 

5P201.0 

39663.102 

v 

£445.673 

■» 

2* 

I2P» 


4 51 Pa .0 

5P1O2.0 

40991.736 

H 




w* 



3*1304. 0 


45j2*»o5. 

Ui 


J- 0 

2 5 

30 

72P) 


c.Pb’32. 3 

£03?3.0 

46102-379 



7165- £21 

2 J 

«-b 

(2P1 


3uliJ«.0 

5F102.0 

4/351. bOO 



7406. bc2 

1U 

24 

i2P| 


30^1.0 

4F3F2.0 

4527&.199 



7 3- b3> 

j » 

25 

t2F> 


34WI- ^ 

.F3F3-0 

45321.659 



79U.J7) 

14 

26 

C2PI 


4P3D1- 0 

5J2F2-0 

46020.000 



7943.941 

1 o 

27 

*2P) 


4P303.C 

503F4.C 

46264*352 


o 


li 

20 

U*»i 


60302-0 

5^301*0 

4SA9J.692 


6752.172 

13 

23 

<2P) 


3D102.0 

4F1F3.0 

*7351 .SCO 


* 

94X3-590 

9 

17 

(2P) 


4SIP1.0 

API SO. 0 

*0v91*73o 


o 



o 




i 

5*d70»9b3 
533S7.17Z 
A3Z-J3.602 
Laa2l«<i59 
A7 331. 300 
3S7dO» 15? 
SibT0.-5O3 
53337.172 
40731.73a 
40S51.73B 
5745a. 130 
5743b. 130 

50373.000 
57707.320 

31304.500 

c^J?u*fcoO 

61 IQ 1.^31 
547?5**41 

35766.501 
oQ&AS.AQd 
*0049. 129 

56970.000 
56774.160 
SXbl 1*770 


4 

o.lsi7£*os 

0.1594S;*07 

0*4»32£*C6 

G.6jV^»0o 

o.2e>936*oa 

OttOUt^CU 
0«39b9^*O7 
0.41 07£*0S 
C.52O7t*0d 
0 f l05«t*C3 
0- 7369^*06 
0.21*46*07 
0c67*3^*0o 
(Ia35o6t*07 
0.3l4fct*05 
U»Io15c,*<j 7 
0*15614*07 
0.97626*07 
0*126i£*O7 
0*3iV7c«»)7 
0**7l3E*07 
0.v7ti7£>3-» 
0.1b47c*Cb 
0.26V2£>03 


5 

0.2349^*00 
0.2201^-01 
C7.129CZ *01 
0.2*C9t*Cl 
O.V6lOt*CO 
0-^5: 3C.* OO 

O.S5Cdi-3l 
o.i lose: *oi 
G.ie*7t.*0l 
C. 934 2? *00 
0.32oS^*00 
0.9£S5t*C0 
0.19^0^*00 
0-2022c*Q 1 
o.i9or»-oi 

Ofc<lb7^tvi 

O.X4lS~*3l 
0*9797£>Cl 
O.Jt>l *i*Ol 
0.4,04^*01 
€•1051042 

0.3567c.*02 
0-1 11 0^*02 


f 

0.b931t-02 
0»64t7t-0i 
0,59Cjc.!*-Gt 
u. 0^'»ci"0l 

0.30342-01 
C-ll 52iL-0i 
0*12‘3Oc*C0 

o.Ss» 2 *.- 0 i 

0.72 c 15^41 
C» 56fcv*-02 
6.10*3%.— 41 
C. 101*2-01 
o. 

0.121 7*.-03 
ba In 

t/.liC-t-Cl 
o*ir39i*oo 
O.UUc-Cl 
0-6. 67C-CI 
0*573 7c- 41 
G.b. 5*5-03 
0.2469^*00 
C.l-93£*00 


Q*$!O7*i.-0l 
0*1 J-Oc-32 
0.£9b5t*43 
C.461 ix«C<2 
0-1- .6c »0O 
0.91C5? -0* 
0.54511*01 
o.5a%0c**o 

C<o<c 1 7a* *00 
0.2S*>i-W 

c.JCa1c- 41 
0.17^0^*20 
0.45*3.. — <*3 
7x12: *7*:> 
0.5311; -41 

OuS a*--;. *00 

0.7*lci-Ql 
0*5 1.3 3* *00 
Ox 51b3fc*03 
G. #4*K-S3 
O.X7<* 26*0. 
0*11936*00 


O 


V* 


Tablo 12. Silicon 



PHOSPHORUS 


o 

o 


15 


NcUTnAL 


O 


parent information no. oessg 


LIMIT 


i HOI lofesia.ooo 

Z 13PJ CBS60.000 


C 

c 


o 




w L 

SN 

PA^cNT 

EE 

DcS 

iC 

LEVEL 

A 

S 

F 

Cf- 

Altf 

F 

'X 



F 

X 

F 

l 





1774.990 

1 

i 

( 3PI 

» 

3P451.S 

464P2.5 

0*0 

56339.660 

o„o 

0.0 

0.0 

OcO 

1659.439 

2 

u 

CIO) 

* 

3P231.5 

«s:ou5 

11361.699 

65156. 6C2 

0.0 

c. 0 

0.0 

0.0 

2i^o. iao 

3 

1 1 

C3P) 

* 

3P2a>l *5 

4S2P" *5 

11361.699 

56174.393 

0.0 

0.0 

c.o 

0.0 

21-V. 140 

3 

10 

t3P) 

* 

3P-.DI.S 

*521- ..S 

11361c 6*39 

57676.601 

0.0 

0.0 

0 0 

0.0 

2 IS*. 030 

5 

12 

1101 

• 

3P2P1.5 

4S2£>l«S 

ld7« a 102 

66156.602 

0.0 

0.0 

0*0 

0.3 

2 =>25. 6b 0 

6 

11 

13?) 

• 

2P2P1.S 

4S2P1.S 

167<v«102 

53174.396 

0.17455*33 

0.562*5*00 

0.16635 01 

0.57345-01 

2553.260 

A 

10 

1 3? ) 

• 

3P2P0.5 

452P0.5 

16722^.393 

57376.601 

0^12674*05 

0.22505*00 

0.13375 -01 

0.26755*01 

S52S.7&1 

9 

16 

C3^>) 


*S*P2«5 

4P4S1.S 

56335.630 

66334.500 

0.I205L*03 

C. 2 6665*02 

0. 1 0 025*00 

0.901 2c*C0 

9593.537 

7 

19 

I3P1 


♦ S*P3»5 

4P4P1.5 

55939.230 

65360.157 

O.S039E*07 

0.157CJL*02 

C. 44965* 30 

0.99345*00 

9750.732 

3 

15 

CoP> 


4S«?1*5 

4P9P0.S 

56090.590 

66343.375 

0.17225*03 

0. 15735*02 

0.12235*00 

0.24565*00 

9796*759 

9 

15 

C3P> 


4S4P2-5 

4P4P2.S 

56339.660 

66544.1.2 5 

0.1 4265*03 

0.39755*02 

0.20536*00 

0.12325*01 


Crt 


o 

G 


Tablo 13. Phosphorus 


A 

■-4 

SU-PHUR — * — 

16 

NEUTRAL 



PARENT INFUSKATION 

NO* 

UESIG 

LIHIT 

o 


1 

(AS) 

33559.312 



z 

(20} 

97305.000 

0 


3 

t2P> 

106518.000 


o 


o 


v 



© 

« L 

SR 

PA ReNT 

EE 

DESIG 

LEVEL 

A 

S 

F 


GF 


AIR 

f= 

l 



r 

l 

F 

i 








I2V5» ©60 

1 

21 

12P> 

• 

3PjPZ.O 

4S2P2.0 

0.0 

77161.000 

0.0 

0.0 

0- 0 


O. 0 


o 

1303.420 

2 

20 

( 43) 

• 

2P3P2.0 

6S351.0 

0.0 

76720.000 

OoO 

0.0 

0,0 


C-G 



131 6.570 

2 

1 3 

{43} 

• 

3P3P2.0 

ADoDl.O 

0.0 

75952.000 

0.0 

0. 0 

0*0 


0>0 



1461.540 

2 

14 

CAS) 

* 

3P3P2. 0 

5S3S1.0 

0.0 

71352.000 

0.0 

0.0 

0* 0 


0-0 


o 

1425. 100 

2 

13 

< 45) 

• 

3P3P2.0 

302D 1 . 0 

0.0 

70lo5. 000 

0.0 

0.0 

0. o 


0.0 



1*43.253 

4 

25 

(2P) 


3P1O2.0 

4 51 PI. O 

9239.000 

73270.000 

0^0 

0.0 

o-.o 


0-0 



1474.010 

3 

12 

(20) 

* 

3P3P2. 0 

4S3D2.0 

0.0 

67625.000 

0.0 

O. o 

0.0 


0.0 


o, 

17Q2.260 

5 

25 

C2P) 

* 

3P160.0 

431 PI .0 

22131.000 

75290.000 

0.0 

0.0 

0.0 


04V 



1307.340 

2 

7 

CAS) 

* 

5P3P2.0 

4S351-0 

0.0 

55331.000 

Oa 0 

0.0 

0.0 


0*0 

> 


4694. 1..9 

6 

15 

(AS) 


ASSS2.0 

5P3P2.0 

52oc3. 000 

73915.000 

0.12225 407 

0.3l2SE*O3 

0.4C42E 

02 

0.2021E-01 

1 

r 

5276. 60 i 

7 

lo 

C 45) 


A 6351 .0 

5P3P0.0 

55531.000 

742o9. 000 

0iStc6,+0o 

O. 4 1205-01 

0. 7696c 

03 

0.7S93E-03 


5606. 1 C - 

5 

31 

(AS) 


AP 3 P1 .0 

vsss^.o 

634— o.OOC 

5 1 2d 1.000 

0 j.263 tt_*06 

o.iiOSt+oo 

0„ i594£ 

02 

G. 9971 1_ "02 

H 


Z^L-SIJ 

5 

30 

<451 


APjPl . 0 

7iiSO 0. C> 

Oj-AG.GOO 

2J993-CG 0 

C.2l6XE*C7 

0.1974^ + 00 

0. 3607£ 

02 

0.35C7^ 02 

-J 

-«■ 

6041.930 

6 

29 

(As) 


APaPl.O 

50S00.0 

&34A6.000 

7*992.000 

0.3* *cc*>)7 

0.341 1Z+03 

G-t rSZz. 

C2 

VurieZi 02 



o05c* o2J 

10 

£0 

(AS) 


♦P5P3.0 

60502.0 

t JA76- O GO 

799 >>2.000 

0.22165 + 05 

0.1 270c, *06 

0 j 91 Ole 

03 

0.*5^1 5-02 



£>4 05.573 

3 

27 

(AS) 


4PSP1 .0 

7S5S2.0 

6j**6.CC0 

79068.000 

0.6763E+06 

0. 435fcc+00 

Qi o?34£. 

Oc 

0.34*7.: .J1 



t743.573 

3 

22 

( AS) 


4PSP1. 0 

50600. 0 

63446.006 

76270.000 

O. oO 33t *07 

0.91-5^*00 

0»1 j7cc 

GI 

0.4.3722 0* 


“ 

0743.737 

9 

23 

( AS) 


4PSP2. o 

SUSOI.U 

6546/. LOO 

7oc70-GGG 

G. 15C5E+w7 

0-6fcS9_*00 

u.ol 7GE 

02 

0.154 15-01 



6 757. 1C2 

10 

24 

(AS) 


APSPJoO 

SOSD2. 3 

63476*000 

75270.00 J 

0.39995*0© 

G.3< -454*00 

0.1957i_ 

02 

0.97b3t— 02 


o 

7244. 770 

11 

2o 

< 45) 


APjPJ. 0 

50501.0 

64691.000 

7t)C>f 4 .# GOO 

0. 16 Ode *07 

0-fc467Z*00 

0.36576 

Ol 

0-l0*i7c + 00 



7u77.602 

8 

IS 

(AS) 


AP5P1.0 

6S5S2.0 

63446. 0U0 

76464.300 

0.13315*07 

0. 1 4695 *01 

0.19621 

01 

0.951 lt-01 



6449.570 

11 

20 

(AS) 


4P3P0. 0 

6S3S1.0 

64391.000 

76720.000 

0. o5 3 OE +0 6 

0. 5644c* 00 

0.2049E 

01 

0.5295c. -Gl 


o 

8 &7 6 . 64 3 

3 

17 

<4S) 


APSP1.0 

4 050 0.0 

63446.000 

74973.000 

0. *V2©E*0 7 

0.3200^*01 

0.-»73Afc 

Ol 

0.3714F *41 


9035.912 

11 

13 

(AS) 


4P3P0.0 

40301*0 

64391.000 

75952.000 

0.1I72E*07 

0.128 2E+01 

0.43061 

01 

0.12V2L*00 



9212.910 

6 

10 

( AS) 


455S2. 0 

4P5P3.0 

52623.000 

o 34 75.000 

0* 26035*05 

0.7040E*02 

0a-o40Z*00 

0.324 6E-V31 




Table 14 , Sulphur 


CHLORINE 


17 


NEUTRAL 



o 

parent information no* oesig limit 

O 

1 ( 10 ) 113627.300 

2 (3P> 104591.000 


> 

f— 1 
03 


o 

o 

o 




m L 

SN 

H 

Z 

lli 

fit 

a 

cc 

OESIG 

LEVEL 

AI~ 

F 

1 



F 

I 

F 

I 

11 &8.770 

1 

12 

{ 20) 

* 

3P2P1.5 

4S2D1.S 

0.0 

391 IS. 000 

1 >ii 1 .300 

3 

12 

( 10) 

. 

3P2P0.S 

45201. 5 

661.000 

64115.000 

I3«.7o240 

2 

7 

( 3P1 

* 

3PcP 1 c 5 

4S2P0 o 5 

Oa»j 

74221.000 

43b-*. 762 

4 

19 

< 5P) 


4 S**P0. 5 

5P4D0.S 

71954.000 

9-7^7.000 

4525.211 

7 

20 

C 3P> 


4S2P0.5 

SP2P0.5 

74221.000 

*0306.000 

6140.250 

9 

21 

C3P) 


4P4P0.S 

504DO.S 

o2'»14.000 

9*19©. J©0 

7256* ew3 

4 

1 7 

(3P1 


4S4P0.5 

4P4S1.S 

71954.000 

©5730.000 

7547. 0*0 

5 

17 

< JP> 


4 54P»l .5 

4P4S1.S 

72464.000 

65730.000 

6323.30* 

5 

14 

(3?) 


454P1.5 

4P402.5 

72434^000 

64460*000 

6375.96* 

4 

11 

C3P) 


4S4P0.5 

4P4D0.S 

71954.000 

63689.000 

o^id, 270 

6 

15 

13PI 


4S4P2.5 

4P403.S 

7^622.000 

©4&64.300 

©570.270 

6 

14 

I3PJ 


454P2.S 

4P4D2.5 

7252;c. 000 

1 44©0» 00 0 

653 5.968 

5 

13 

C JPI 


4S4P1.5 

4P40*»S 

72464.000 

0*127.000 

9702-301 

© 

10 

( JP> 


4S*Pi.s 

4P*P1.S» 

72622. GOO 

©3126.000 

9606. *©1 

12 

16 

( IQ) 


4 5201.3 

4P2Pl>*5 

©4115.000 

94309.066 

9675. 940 

6 

lb 

C3PI 


4S2P1.S 

4P2D2.5 

74ttol.000 

64sa**.ooo 


o 

e 

o 


A S F CF 


o a o 

o* o 

OoO 

0 0 

0.0 

0. o 

u. u 

0*0 

0.0 

0.0 

0.0 

t\ i> 

C * 16©5c.*07 

0.150*E*00 

OL 

0wl0-.4t-3i 

0.5y©4L*07 

0.59554*00 

O a 15396-01 

C.367 Jc-01 

0. 6067c.* 07 

0. l3b£C*01 

0.3* 3* £-01 

0. 56— 3 t— 01 

0 o 7c0S^*U7 

C. 57456*01 

C.l<cQ2c.*«J0 

0.»©C7r.*C0 

0«.13522*08 

0.1199E*02 

Util 561*00 

0«4£»^Lc.*C0 

0.2L4LL.06 

5.30551*02 

0.551*2*C0 

G«2lC7t*3l 

0o2634L*05 

0. 1620fc *02 

0.2772£*0o 

0*55*52*00 

0.310 3c *08 

0.734*c*02 

0. 4* 0*£*00 

0. j©c7l*ux 

0_ bb36c *-07 

0.1©52fc*02 

0.9749c— Cl 

0*664 9E..G0 

C.15o5E*06 

o* 1956c. *-02 

L.l73ifc+03 

Oj6324E*00 

0. 9 j 664 +07 

0»1©94L*C2 

0*5©37t— 01 

r. 35551*00 

bw23Sj-t05 

0.21 752. CL 

0. 1 .33^*03 

C-325 7c *C0 

0.22072*06 

0. ©3041*02 

Oa 4 845c,* 0 0 

0.29071*01 


Table 15. Chlorine 


G 


ARGUN IB NEUTRAL 

PARENT INFORMATION NO. OE5ZG LIMIT 

l (2P> 127109. 875 


Q 

* L 

SN 

PASSAT 

EE 0ES1G 

UEVEU 

A 

5 

F 



A 

F 

X 


F 

X 

F 

1 





G 

46300 691 

3 

3 

C2P) 

4PjSI e 0 

9S3P0.0 

204102* 125 

124771.625 

0» 1575E+06 

O. 6o07E-02 

0^15432-03 

0.1843£-C3 


504c • SO » 

3 

7 

12PI 

4P3S1 . 0 

8S3PG.0 

104102.125 

125905.312 

0.251 4t ■♦06 

0.16025*01 

0.32112-03 

0.j£11c-G3 


5421«3b4 

4 

7 

C2PI 

4PjD* « 0 

6S3P0. 0 

105462.612 

123903*312 

0. 11 3lt_*07 

0.69076*01 

0*1663E-02 

0» 1 653c. *02 

£ 

8115. 309 

1 

♦ 

(2P| 

4SjP0» 0 

6P30I.0 

93143.012 

106402.612 

0*2656e*06 

0.2106^*00 

J.7372E- 02 

0.23c2£*01 


6b21.441 

2 

6 

(2PJ 

4S1P1.0 

4 PI Pi. 0 

95399.670 

107131.750 

0.3095c ♦OS 

0.2639£*02 

0.33 71 E*00 

0.10115*01 


9224. 500 


5 

C2P> 

4SIP1.0 

4PiD2«0 

96599.875 

106237c 025 

O,*:50 6E*0i» 

0.45596*02 

0o533lc*00 

0„<i6t>6t*Gl 


> 

I 

VD 


Table 16 . Argon 


POTASSIUM 


19 


NEUTRAL. 



e 

o 


PAR t NT INFORMATION 


NO* DESI G 


LIMIT 


l CIS) 35009*701 



G 











* L 

Sn 

PARENT 

EE DiSIG 

LEVS. 



AIR 

F 

I 


F 

I 

F 

1 

} 

j 

G 

30j<*^ 3^0 

1 

13 

1 151 

4 52 SO* 5 

9P2P0.5 

0.0 

32940*340 

1 


3102* 793 

1 

12 

C IS) 

4S2S0.5 

3P2P0.5 

0.0 

32227*422 



3217*155 

1 

10 

(IS) 

4 5250*5 

7P2PU.5 

0.0 

3 1 Oo9 * 9a 0 

i 

O 

3^5, 372 

1 

a 

( IS) 

4S250* 5 

6P2P0*5 

0*0 

2 8999.*;b9 


4O&4«140 

1 

o 

tlSI 

4S2SQ.5 

^P2PloS 

0*0 

24720.199 

i 


4047*201 

1 

5 

(IS) 

4 Sc. 60. 5 

SP2P0.S 

0.0 

24701*441 


e 

57d2*b92 

Z 

9 

( IS) 

4P2P0.5 

7S2S0.5 

12935*172 

30274.262 



SbGt*9ol 

3 

9 

i IS) 

«P2P1*5 

7S2S0.5 

13042*091 

30274*262 



6911*301 

Z 

7 

CIS) 

AP2P0*5 

cS2S0*S 

12936*172 

27450*046 


.-v 

6933*900 

3 

7 

{ IS) 

4P2Pl*S 

OS2SO*5 

13042*091 

27450*040 



7664**36 

1 

3 

CIS) 

4S2S0.5 

4P2P1*S 

0*0 

13042*391 

i > 

i 


7 690*930 

1 


OS) 

4 52 SO *5 

4P2P0*5 

0*0 

129BS* 172 

o 

9950* SCO 

4 

11 

asi 

5S2S0-S 

7PZPl*S 

21026*301 

31074*461 

1 


9955*199 

4 

10 

(IS) 

bS2SD*5 

7P2P0*5 

21026*801 

31069*930 


o 

o 



A 

S 

F 

GF 

0*»2l43d + 0S 

0*59226'* 03 

0.29623-04 

0*59«i.4L-06 

0«4322£*0b 

0. 1 2755-02 

0*6239--04 

0* 12453-03 

0*1 C4j£+06 

0»343StL-02 

0^16213-03 

0*324 It 03 

0* 324 be. + 06 

0*13150-01 

0. 57 91c.— 03 

Oil I-3£'02 

n ,, ]. 5 IF *a7 

OiSlS*)' «-QD 

Cshl iIh — O > 

C* 1 3-* 01 

v V t G J * 

0* lt,4lk.»07 

Vi) 4. i t Uw 

0.10602+00 

o* 40«*9L— 0 * 

0*60 ,56 -02 

0oll67£+07 

0*22303*00 

0. 58535-02 

0. 1 171s *01 

0.231 OE*07 

0* 44555+00 

G* 56533—02 

Ob 1 lc7£-0i 

0*23962*07 

0*76163+00 

0* 171 7E-01 

0*34j4t-01 

0*4735E+07 

0*15642+01 

0.17103-01 

0*24213 Cl 

0,>362eE*0S 

0*22293 + 02 

0io39SE+00 

0*25565+01 

0*35803 *03 

0*l6l5=»02 

0*31053+00 

0*53673+00 

0*11763406 

0*2294^+00 

0*35003 02 

0*14003-31 

0*11706406 

0*11473+00 

0*17493 02 

0*34983-02 


Table 17. Potassium 


o 






G 






parent information 

NO* 

DESIG 

LIMIT 

c 


X 

(2S> 

*9304.61 1 



2 

(201 

63666.00 




o 

A L 

SN 

PARENT 

EE DcSIG 

LEVEL 

A 

5 

F 

i>f 


o 

AIR 

F 

I 


F 

I 

F 

I 






31 o o. 003 

1 

20 

<2S» 

4P3P0. Q 

60301*0 

15157*000 

47036.000 

0. 31 14L*07 

0* 1 42 <r_ *00 

0*IJ7js5-01 

G.4124H-01 



3160*51 6 

3 

16 

< 251 

4P3^2.0 

'JS3S1.U 

16315* COO 

45746 &0*0 

0- 6669c. +06 

0.41 A«E-01 

0*79 icc-03 

0*23731-02 


o 

3209*930 

1 

♦ 7 

(251 

4P3P0.0 

70301*0 

15157*. 000 

46302.000 

0- 55 2 02 -r 07 

0*27O7S*30 

0a2bCCE-0l 

L.75bOL~Gl 



J27*i*t>61 

2 

16 

(2S> 

4P6P1.0 

63351.0 

15210*000 

4 5736.00 0 

O* bh64fc.+Ct 

6«4oi t4-01 

0-l42t3&-02 

0. 42754-02 



34 U B.47& 

1 

lb 

(2SI 

4P3PO.O 

75351*0 

15157.000 

46950.000 

0.5c22c.+ 06 

0.3476E-01 

0*304 4L-02 

C*9l3tc-02 


<<**> 

3675.307 

4 

21 

1251 

3O3D2.0 

6FJF2.0 

20349*000 

47550.000 

0*0 

0*0 

0*0 

0* u 



3753.367 

s 

19 

1251 

30303.0 

7F3F 2* 0 

20370*000 

4 700 6. 00 0 

0*6 

0.0 

0*0 

0.0 



3957*053 

2 

11 

(2S> 

4P3PI .0 

6S3S1.0 

15210.000 

40474.000 

0.3&S6E+07 

0*3542L»00 

0* 9059E— 02 

0*27;feii-0l 


0 

4425*441 

1 

10 

£ 25 J 

4P3rO • 0 

40301*0 

15157. 000 

37743.000 

0„3S79E*0S 

0.4£962»01 

0- 31555*0 0 

0c^4d4£*00 



4526.934 

D 

14 

(2S> 

331D2.0 

6PlPl*0 

21549*000 

43933*000 

0*0 

0.0 

0* 0 

0*0 

> 


4565.571 

5 

12 

< 2S 1 

30303*0 

4Fh5F2*0 

20370.000 

42170*000 

0.0 

0.0 

0*0 

0*0 


r. 

51 o3. 671 

7 

13 

C 251 

4 PI Pi a 0 

50102*0 

23052*000 

42919*000 

O*l772E40a 

0«6ll7r^01 

0*11 93E+00 

Ob 5955t ♦OO 

l 


6102. 723 

1 

6 

(2S> 

4P3PO.O 

65352 *0 

15157.000 

31539*000 

0«454fiE«07 

0* 1532E+01 

0,7o24£-0l 

0*22o7c+00 

to 


6169*051 

4 

V 

( 251 

30302.0 

bPJPi. 0 

20349*900 

3o554.000 

0*0 

0*0 

0*0 

0*0 


I- 1 n 


r 


O 


c 


o 

c 




Table 18. Calcium 




NEUTRAL 



> 

1 

to 

to 


o 










w L 

SN 

PARENT 

EE D£S I G 

LEVEL 


AIR 

F 

l 


F 

I 

F 

1 

G 

4201*8*2 

1 

5 

(IS) 

SS2S0.5 

6P2PI.S 

0*0 

23792. ovl 


421 5* 555 

1 

4 

1131 

5S2S0.S 

oP’Po* 5 

0*0 

23715*191 


£o4 o. 093 

£. 

9 

CIS! 

6P2P0.S 

70201*5 

12576*961 

30 280* IcO 

^•v 

V# 

S72A. 4Sj 

3 

9 

t IS) 

5P2P1.S 

70201*5 

12610*559 

30230.160 

620b. 304 

2 

a 

US) 

5P2P0.3 

oi)20 X *5 

12576*961 

28dB7«148 


6293 • 323 

3 

b 

CIS! 

5P2Pl*5 

60201*5 

12816*559 

28667*148 

o 

7279.593 

2 

7 

US) 

6P2P0.5 

7S2S0-5 

12576*962 

26311*461 

7406. 172 

3 

7 

C IS) 

5P2P1.S 

7S2SU.5 

12bl o*559 

26312*461 


7616*934 

2 

6 

US) 

5P2P0.S 

SD2D1*5 

12578*961 

25700*569 

O 

78C0.227 

1 

3 

( IS) 

5S2S0.S 

5P2P1* 5 

0*0 

12816*559 

7547* 602 

1 

2 

US) 

SS2S0.S 

5P2P0.5 

0*0 

12578*961 


O 




C 

o 

o 




0-2500£*07 0.3666c. +00 0>l324£>0i 0*»2v7E-0t Q 

0.2475c+O7 0.1 6336*0 0 O. 6600&-G2 0*13<.0t-0l 

0~I37oz.+07 0*4900tL*00 0. 10)7^-01 G*52?S£-0l 

0. 2642^+06 0* 97995-Cl 0cl29Vt-C2 G.3l*7t*02 

Owl E71E + 07 C* 6fi-t 0^ + C0 G.21G2L-01 0»&649L"0l 

0* j57Sc + 0 6 0.1766E+00 0^21 3 C£- 0£ 0*85215.-02 

0-,£286£*07 0.87I9E+G0 0*1316*>01 0.3tiooti-0l 

0*4240L+07 0*17A4c+ 01 0*17S7£-0l 0*33738-01 

0.1391E+07 0.121 6c+01 0.24238-01 0*5&92E-0l 

0*36365+08 O*34ll£+02 0. 66382+00 O^o^tOl 

0*3437£>08 0*17056+02 0.3257E+00 0.55l5c+00 


o 

c 


Table 19. Rubidium 





NEUTRAL 



m L 5N PARENT E£ DESIG LEVEL 


o 

AIR 

F 

1 


F 

l 

F 

I 


4032*074 

1 

6 

{ 25) 

5P3P0* 0 

50301*0 

14317*520 

35006*941 


4391 «9oJ 

4 

10 

(231 

40303-0 

4F3F2* 0 

13319.256 

33750*453 

o 

496c* 262 

2 

9 

(25) 

5P3P2-0 

50303.0 

14396*552 

55045*055 

5329. £24 

5 

11 

<2S> 

4D1D2. 0 

7PXP1*0 

20149.699 

30906*696 


6345* 750 

3 

7 

12S» 

40302*0 

t>P3P<c*0 

16216*797 

33973.052 

o 

7070.102 

2 

6 

L 2S ) 

5P3P2*0 

6S3S1«0 

14693*562 

29033.797 


> 

I 

fO 

CO 




C 


O 


e 


o 


e 

A S F G” 

Ci 

0«2340E»Q8 0« 391EE.4-01 0.2460E+00 G.737*E*00 

0*0 0«0 0*0 G - 0 

0*Ja90E*03 0.16*4E*02 O_20l2E+O0 O.l4G££»0t 

0.0 0.0 0*0 0.0 

0*0 OlO 0.0 G.O 

□•1038E«oa 0*1015E-»02 Oa 6720E- 01 G*251oE*00 


Table 20. Strontium 



> 

I 

ro 


CESIUM - — * SS NEUTRAL 

PARENT INFORMATION NO. DES1G LIMIT 

I (IS) SI 406. 71 1 


O 


M L. 

SN 

PARENT 

EL OcSIG 

LEVEL 

A 

S 

F 

G- 

AIR 

F 

I 


F 

1 

F 

Z 





45^90 355 

1 

4 

1 1S‘ 

o S25Go 5 

7P2P1«S 

0.0 

21960.660 

0.2396£*07 

0.44776^00 

0.14 92c— 01 

0.59688-01 

566 3. 30 J 

2 

9 

( 1S> 

6P2P0* 5 

90201. S 

1117a. 23o 

28o26.89S 

0.19*78+07 

0.69925+00 

G» 187-C-01 

0.7- #6c-0l 

oS6o. 503 

3 

5 

{ IS ) 

6P2P1.5 

VS2S0.5 

11732* 352 

26910. ebO 

0„ 21 028+07 

G.Sv36£+00 

0. oa40E— 02 

0.2 3 ba c— Cl 

67c J* 277 

2 

7 

< IS) 

OP2P0.5 

70201.5 

11175.238 

26047.359 

0*.6946£>O7 

O. 35726+01 

0.8065E-01 

C.3226c*00 

7oC>. 020 

2 

c> 

<1S) 

6P2P0.5 

65250.5 

11176.236 

24317.172 

0.23238+07 

0. 2 01 18*01 

0.20166-01 

0.4036L-C1 

6521.102 

1 

3 

(IS) 

6S2SQ.S 

6P2P1.S 

0.0 

11732. 352 

0.3151E+0B 

0.3S5*E + C2 

0.b365fc+00 

0*c7w6t»Oi 

o761«379 

2 

5 

(IS) 

6P2P0.5 

6D2DI.S 

11176.236 

22568.891 

0.1l94E+0b 

0. 1S87E+02 

0. 27506*00 

0*11008+01 




Table 21. Cesium 


BARIUM 


5t> 


NEUTRAL 



o 


parent information no. oesio limit 




1 (2S> 420J2.398 

2 (2D } 479oS.OOO 





M L 

6N 

PARENT 

EE DESt 

5 

U 



AIR 

F 

I 


F 

1 

F 



3993.404 

1 

2 3 

C2S 1 

SD3D3.0 

4F5F4. 0 

9SV6.551 


o 

4£d3. lOv 

2 

w 

1251 

50*02. 0 

4F1F3.0 

11395.363 



44VJ*64l 

S 

20 

(2S) 

6P2P2.0 

70302. 0 

13S14.738 



4ol9.W? 

3 

17 

(25 J 

6P3P0.0 

BS3S1 .0 

12266*020 


0 

4673.621 

1 

16 

(251 

5D303. 0 

7P3P2. 0 

9596.551 



515 9.91b 

6 

25 

(25) 

6P1P1.0 

73 102. 0 

16060.255 



6267.031 

6 

24 

(25) 

6P1P1.0 

SSI SO. 0 

IdOoO* 265 


o 

5536.561 

4 

14 

(25) 

oPJPUO 

60301.0 

12636- 617 



5777.664 

5 

ij 

C2S) 

6P3P2. 0 

6D3D3.0 

13514.738 



6771.632 

8 

27 

(20) 

6P1U2.0 

6D1D2.0 

23074.414 

> 

r* 

6667.571 

7 

2o 

(2D) 

OP3F3- 0 

603F3.0 

22V4 7. 437 

r 


7635. a52 

6 

22 

(2U> 

60152.0 

60 IF 3* O 

25074.414 



7bN^4d7v 

V 

23 

(2D) 

6P3F4.0 

63305.0 

23757. 075 

to 

1 n 


790:*. 71* 

6 

1 2 

(25) 

0 

7*351.0 

I3i»14. 755 

U1 


6210.233 

6 

13 

(25) 

6P1P1 .0 

6J1D2.0 

lSC&Oo 266 



9713.770 

10 

21 

(2D) 

6P3P0. 0 

60 301.0 

25042.156 


W 

9S30.371 

6 

12 

(25) 

6P1P1.0 

7S1S0.0 

16 060.256 



» 

A 

S 

F 

GF 

4 

34030.609 

0.0 

0.0 

0.0 

o.c 

34750.422 

OsO 

0.0 

O 0 

0.0 

35762.21 1 

0 . 46 1 6c+0 7 

0. 10355+01 

0.13995-01 

O. 69935-01 

33*05.348 

0 .12145.07 

0.1774b +GG 

0.11 665.— G1 

0.24»3£.-0* 

30937.277 

0* 0 

0.0 

Or O 

0.0 

37434.957 

0. 1900c *-07 

0. 64515+00 

0«126bc-Gl 

0.63c 6fc — 01 

37041.000 

0.35025*07 

0.2529 5+00 

0.4b59b- 02 

0. Co_*95— C2 

30595.594 

0.22965+08 

0. 57755+01 

O.lOtoE+OO 

Ca jIL 7z. *■ 00 

3031 S. 109 

0.4b47L+OS 

0.323*5+02 

0.32595+00 

0.23795 * 01 

37637.393 

0-16t>b£^03 

Q. 12755+02 

0.114 CE.+ 00 

0.57305*00 

37504^020 

0.10075.08 

0*11295+02 

0 <.71 29„-bl 

C.499l£+GO 

36 2 ob. 312 

0. 341 6£*08 

0.52625+02 

0.41 £45+00 

0.29c 9c* cl 

26537.500 

Oj465lt.CS 

0.11295+03 

0.49625^00 

0«54o0- .01 

26160.265 

0.16151+ud 

0.1 133-02 

0-9 CCtc-G. 

Gj272£,5 + C0 

30236.616 

Oo*692t.03 

0.64l©t+02 

0.79 095^00 

G.39S4E+CI 

35933.624 

0. 6904E.+07 

0. 93635401 

0.2932b* 00 

0. 6797c. 00 

28230.078 

0.24615+06 

0. 11655*02 

0.11 95E+0O 

0.11995.00 


Table 22. Barium 



i 

o 


o 


MERCoar - — ao neutral 


O 


parent information 

NO* 

DESIG 

l_I MIT 


l 

«2SI 

64184*125 


2 

(20) 

11 9o92«00 0 


o 

Q 


O 


> 

i 

NJ 

c\ 


* L 

SN 

PARENT 

EE DESIG 

LEVEL 

A 

S 

F 

GF 

AIR 

F 

l 


F 

I 

F 

1 





2o9J*59S 

1 

7 

C 25 ) 

6PJP1.0 

6S3S1.0 

39412.301 

73961*312 

0. 1138E40S 

0*40Q7E«00 

0* 1429E-0X 

0.4233E-01 

3021*«99 

2 

10 

C2S> 

6P3P2* 0 

70303* 0 

44042*977 

77129*562 

0.333 2E*03 

0*3160001 

0.6390L-01 

0*4473E400 

3131.633 

l 

5 

(2S) 

6P3P1*0 

OU 391*0 

39412*301 

71336*167 

0»527*L*0a 

0*240 IE 401 

0.776GC-01 

0*232 QE^OO 

3o50* 146 

o 

6 

(25) 

6P3P2* 0 

60303*0 

44042*977 

71431*31 2 

0*79 93E+0S 

0* 134SE+02 

0.2237c*00 

0»156t>C*0l 

*J*7,593 

3 

9 

(2S) 

oPIPI.O 

70102*0 

54063*701 

77064*125 

0*2417E*0B 

0*490tt£+01 

0*11 42E*00 

0*571 2E*00 

4356* 3S2 

1 

4 

(2S> 

6P3P1.0 

7S3S1.Q 

39412*301 

62350*457 

0.3337E403 

0*4096E*01 

0*95 1 OE— 01 

0.2653b* 00 

4916*035 

3 

a 

(25) 

6P1P1.0 

35150*0 

54066*761 

74404*562 

0^69 045*07 

0*4053£400 

0*634«E-02 

0.6344 £-02 

5460*754 

2 

4 

(2S) 

6P3P2* 0 

7S3S1* 0 

44042*977 

62350*457 

0.2326E406 

0.6827E401 

0.7S€vt-01 

0*2277 E* 00 





n 


n 


Table 23 . Mercury 


